Abstract: Three new cationic mixed-ligand Cu (II) complexes with N,N',N'', 4, 8, and bridging aromatic mono-or dicarboxylate ligands were prepared. Elemental analysis, conductometric and magnetic measurements, as well as electronic and IR spectroscopy were employed for their characteriization. It is proposed that the complexes [Cu 2 (C 6 H 5 COO)tpmc](CIO 4 ) 3 MeOH and [Cu 2 (Hpht)tpmc](CIO 4 ). 3H 2 O (H 2 pht = phthalic acid) are binuclear with m-coordination of the carboxylate monoanions. The third complex, [Cu 4 ipht(tpmc) 2 ](CIO 4 ) 6 NaClO 4 2MeCN (H 2 ipht = isophthalic acid) is one of the rare tetranuclear Cu(II)-tpmc complexes with an aromatic dicarboxylate ion bridging two Cu 2 tpmc units. This was also confirmed by preliminary results of the determination of the crystal structure.
INTRODUCTION
Binuclear and multinuclear metal complexes with polyatomic ligands are an attractive field of investigation. The physical and magnetic properties of the compounds, the role of the metallic centers in biological processes and in homogeneous catalysis have been the subject of numerous investigations. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Among bridged ligands many carboxylato ligands have been used, since they can coordinate in different ways, i.e,. monodentates, bidentates or polydentates. 2, 11 Phthalato, isophthalato and terephthalato dianions contain two carboxylate groups, which give a great contribution to the magnetic interactions between two metallic centers even at long distances. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] With phthalato anions, Cu(II) easily forms polymeric structures with interesting magnetic properties, but polymerization is suppressed in the case of hydrogenphthalate. 6 Dimerization of the complex with bridging isophthalato anions has also been studied with Cu(II). 6 In the case of terephthalato Cu(II) complexes, polymerization is facilitated and depending on the reaction conditions dimerization or polymerization is achieved.
Complexes of transition metals with tpmc are interesting in terms of their structure, stability, spectral, redox and magnetic properties. Among them Cu(II) complexes are the most investigated. [12] [13] [14] [15] [16] [17] [18] Tpmc in the absence of other ligands with Cu(II) can form two different complexes: mononuclear, when Cu(II) ions are coordinated in the centre of the cyclam ring-endo coordination, or binuclear, when Cu(II) ions are bonded outside the cyclam ring-exo coordination, with the chair conformation. 12 A great number of the described complexes containing one or two additional ligands besides tpmc are binuclear. Tpmc with pendant N-donor arms can accommodate to different additional ligands in a variety of coordination ways giving stable complexes. If only one such ligand is present (e.g., X -, OH -, CO 3 2-, C 2 O 4 2-, CNO -, CH 3 COO -, HCOO -, urea, thiourea, semicarbazide, thiosemicarbazide...) the tpmc ligand adopts the boat conformation and bridges two Cu(II). [12] [13] [14] [15] [16] In the case of more voluminous ligands or in the presence of excess of the additional ligand during preparation (I -, Br -, N 3 -, SeCN -, SCN -...), they are coordinated to Cu(II) in the trans position and the macrocycle adopts the chair conformation. 13 18 showed asymmetrical coordination of carboxylate. One oxygen is bonded in the axial and the other in the equatorial position. This manner of coordination has prevously been found in the compound with an NO 3 -bridge. 12 On the other hand, complexes of Cu(II) with dibenzoic acids are interesting because of their magnetic properties and possible application as new materials in the electronic industry.
Continuing our investigations, three mixed complexes with aromatic carboxylates and the octaazamacrocyclic ligand N,N',N'',N'''-tetrakis (2-pyiridylmethyl) -1,4,8,11- tetraazacyclotetradecane will be described in the present paper.
EXPERIMENTAL
Safety note! Perchlorate salts of metal complexes with organic ligands are potentially explosive and should be handled with extreme caution! Only small amounts of material should be prepared!
Syntheses
The ligand tpmc 19 3 of MeOH, previously neutralized with NaOH (0.1 mol/dm 3 ) to pH 6.2, was added dropwise. When the mixture was refluxed for 2 h on a water bath (80 ºC) it gradually turned from violet to blue. After concentration on a water bath to about 4 cm 3 , the container was covered with needle -pierced parafilm and left in a refrigerator for several days. The blue product was filtered off by suction, washed with MeOH and recrystallized from 
Measurements
Elemental analyses (C, H, N) were achieved by standard micromethods in the Centre for Instrumental Analysis, Faculty of Chemistry, Belgrade. The Cu analyses were made using a Perkin-Elmer AAS-5100/PC atomic absorption spectrophotometer. The electronic absorption spectra were recorded in MeCN using a GBC UV/VIS 911 A spectrophotometer. The IR spectra (KBr discs or Nujol mull) were recorded in the range 400-4000 cm -1 using Perking-Elmer FTIR 31725X spectrophotometer. The electrical conductivity was measured by a Janway 4010 conductometer. Molar conductivity values for all the complexes were measured in MeCN at room temperature (20±2 ºC). The concentration was about 10 -3 mol/dm 3 for A, B and 5´10 -4 mol/dm 3 for complex C. The magnetic susceptibility was determined by the SQUID technique. The data were corrected for diamagnetic susceptibilities using Pascal's constants. 20 
Preliminary X-ray analysis
Single crystals of compound C were obtained by the diffusion method. In a small (0.5 cm 3 ) container, 0.25 cm 3 of a saturated solution of substance C in MeCN was added together with one drop of water. In the other container of 5 cm 3 volume, 3 cm 3 of MeOH were added. Both containers were put into a small desiccator (AE = 9 cm) over CaO. After two days blue plate-like single crystals of suitable dimensions appeared.
For the intensity data collection a Bruker AXS four-circle diffractometer equipped with CCD 1000 K area detector and a flat graphite monochromator (MoK a radiation, l = 0.71073 Å), sample to detector distance of 60 mm, and series of j and w scans were applied. The data were collected at room temperature (298 K) using a crystal of about 0.05´0.18´0.25 mm size (Miller indices range: -35 <h <36, -11 <k < 10, -41 <l <15).
The structure was solved by direct methods (SHELXS97) 21 and refined by full-matrix least-squares methods of F 2 (SHELXL97). 22 It must be emphasised that the investigated compound turned out to be very sensitive to X-rays with a highly pronounced time decay; therefore only approx. one half of the collected data were suitable for further treatment and the obtained intensities were unusually low. As a consequence, the refinement resulted in high agreement indices [R 1 = 0.209; goodness-of-fit, S(F 2 ) = 1.541] and some unreliable bond distances and atomic displacement parameters. In addition, the very probable disorder of the ClO 4 -ions and lattice solvent (MeCN) can also contribute to the high R-value. At the present level of precision and accuracy it was impossible to locate the NaClO 4 and MeCN known to be present in the crystal lattice from the results of chemical analysis. Therefore, part of the crystal data listed in the next paragraph are given for the formula 
RESULTS AND DISCUSSION
All three compounds are soluble in MeCN and DMSO and insoluble or sparingly soluble in most other ordinary solvents. The complexes are stable in air and on heating up to t = 210 ºC. (The stability at higher temperatures was not tested since the complexes, as perchlorates, are potentially explosive). The formulae of the complexes are based on elemental analyses (C, H, N, Cu) and molar conductivity measurements. They corresponded to binuclear complexes for A and B, and tetranuclear for complex C. The molar conductivities are given in Table I . For complex A, the value of 310 S cm 2 mol -1 is between 1:2 and 1:3 electrolytes, 23 but closer to a 1:3 type. The large value obtained for complex B could be a consequence of the presence of 3 moles of crystal water in this compound. The L M value of 800 S cm 2 mol -1 for complex C is very high, corresponding to an electrolyte type more than 1:5. It can correspond to a 1:6 electrolyte type, although in the literature there is no precise data for such an electrolyte type. 14, 17 The molar conductivity of 10 -3 mol/dm 3 NaClO 4 (present in the crystal lattice of the complex) is itself 135 S cm 2 mol -1 , which contributes a great deal to the total molar conductivity of compound C. On the other hand, a complex cation of 6+ charge is very voluminous and expected to be of low mobility. From this point of view the molar conductivity of the complex C is still very high. The position of the absorption maxima and molar absorptivity coefficients of the complexes together with some data for comparison are given in Table I . The origins of the absorption maxima are d-d transitions. The electronic absorption spectrum of complex A was recorded immediately after dissolution (see Table I ). After 1 h standing at room temperature, the shape and the positions of the maxima and the shoulder are changed suggesting substitution of the bridged ligand or a different conformation of the complex. In the fresh solution of the complex A a bathochromic shift of 22 nm was observed in comparison to an earlier described formato-bridged complex. This is consistent with the presence of an aromatic ring in complex A, causing a weaker ligand field. A shift toward higher wavelengths was also observed in earlier described acetato analogue, 12 belonging to the same homologous series. In the spectra of B and C, maxima characteristic for penta-coor-dinated Cu(II) with a distorted square pyramid and the CuN 4 O chromophore were observed. 12, 14, [16] [17] [18] These spectra were time insensitive. The very high value of e found for complex C maybe a consequence of the asymmetry and is consistent with a tetranuclear structure. Additional proof that the structure is tetranuclear is that similar e values were found earlier for the tetranuclear m-bicyclo-[2,2,1]-hept-5-en-endo-2,3-cis. dicarboxylato and m-malonato complexes. 14, 17 In the IR spectra of all three compounds the following bands were found: in the range of 3100-3000 cm - 25, 26 through COO -groups. It is obvious that v asym and v sym are shifted toward lower values in comparison with the corresponding salts, which is the case when COO -participates in H-bonds formation or when the coordination is achieved through both oxygens. 25 Due to steric hindrance, the possibility of H-bond formation in the complexes is small, which also proves the proposed coordination mode of the ligands. In complex A, both oxygens of COO -are engaged in coordination thus forming a bridge between two Cu(II) from the same tpmc unit (Fig. 1) , probably in the same way as in the case of HCOO -and CH 3 COO -. 12, 18 The presence of two carboxylato groups in complexes B and C at different position in the aromatic ring enables the possibility for participatoin of all four oxygens for various bridged or chelate coordination. [24] [25] [26] Only in the spectrum of B there are bands at 1713 cm -1 and 1298 cm -1 , corresponding to v asym (COOH) and v sym (COOH), which are neither included in coordination nor in H-bonds. The bands for v asym (COOH) and v sym (COOH) are also present in the spectrum of KHpht at 1696 cm -1 and 1283 cm -1 . The shift in complex B can be explained by the absence of H-bonds due to the steric strains, while in the simple KHpht salt such bonds exist. Very probably the other ionic group (COO -) is the bridge between two metal atoms (Fig. 1) . The absence of a band at about 1700 cm -1 in the spectrum of C means that all four oxygens are included in coordination. The formation of H-bonds is difficult for the same reasons as in complex B. Actually, the results of preliminary X-ray structure analysis (Fig. 2) showed that ipht ions act as bis-bidentate ligands with each COO -group bridging two Cu atoms and with the whole ipht ion bridging two Cu 2 (tpmc) units thus making a tetranuclear complex. As far as we know, no X-ray analysis for tetranuclear Cu 2 tpmc complexes has been published. The difference in the structures of complexes B and C are in accordance with the properties of Hpht -and ipht 2-. When carboxylic groups are in the ortho-position there is steric hindrance for tetranuclear complexes formation, as all four oxygens should be coordinated with two voluminous tpmc units. For ipht 2-these hindrances are lowered by the meta-position of COO -. In addition, the inductive effect of the aromatic ring is slightly negative, the inductive effect of COOH is negative, while COO -has a positive inductive effect. The donor ability of the acid increases with increasing positive inductive effect. When there is a COOH group in the ortho-position to the COO -group, its donor ability is lowered. However, in ipht 2-the two COO -groups with a positive inductive effect are in the meta-position, so their effect on each other is not so pronounced and hence both of them have stronger donor abilities than Hpht -. 26, 27 The magnetic moments per Cu atom for the complexes at room temperature given in Table I are consistent with the values found in the literature for simple paramagnetic pentacoordinated Cu(II) complexes. Interpretation of the temperature dependence of the magnetic susceptibilities of Cu(II) complexes containing aromatic carboxylates is somewhat complicated, 26 so this will be an interesting subject for a further investigation. In our complexes there are no possibilities for weak inter-and intramolecular anti-or ferromagnetic interactions.
